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Description 

The present invention reiates to a metliod of 
processing wafers and to a module for processing wa- 
fers. 5 

One of tlie basic problems in integrated circuit man- 
ufacturing is particulates. Tl^is problem is becoming 
more and more difficult, because of two trends in inte- 
grated circuit processing: First, as device dimensions 
become smaller and smaller, it is necessary to avoid the io 
presence of smaller and smaller particles. This makes 
the job of making sure that a clean room is really clean 
increasingly difficult. For example, a clean room which 
is of class 1 (has one particle per cubic foot (1 foot = 
0,304Bm)) for particles of one micron and larger may 
well be class 1 000 or worse if particle sizes down to 1 GO 
angstroms are counted. 

Second, there is increased desire to use large size 
integrated circuit patterns: for example, integrated cir- 
cuit sizes larger than 50.000 square mils (1 mil = 0,0254 
• 10-3 m) are much more commonly used now than they 
were five years ago. 

Thus, particulates are not only an extremely impor- 
tant source of loss in integrated circuit manufacturing, 
but their importance will increase very rapidly in the 
coming years. Thus, it is an object of the present inven- 
tion to provide* generally applicable methods for fabri- 
cating integrated circuits which reduce the sensitivity of 
the process to particulate contamination. 

One of the major sources of particulate contamina- 
tion is human-generated, including both the particles 
which are released by human bodies and the particles 
which are stirred up by equipment operators moving 
around inside a semiconductor processing facility (front 
end). To reduce this, a general trend in the industry for 
several years has been to make more use of automatic 
transfer operations, wherein a technician can, for exam- 
ple, place a cassette of wafers into a machine, and then 
the machine automatically transfers the wafers, one by 
one, from the cassette through the machine (to effect 
the processing steps necessary) and back to the cas- 
sette, without the technician's having to touch the wa- 
fers. 

However, the efforts in this direction have served to 
highlight the importance of a second crucial source of 
particulates, which is particulates generated internally 
by the wafers and/or transfer mechanism. That is. when 
the surface of the wafer jostles slightly against any other 
hard surface, some particulates (of silicon, silicon diox- 
ide, or other materials) are likely to be released. The 
density of particulates inside a conventional wafer car- 
rier is typically quite high, due to this source of particu- 
lates. Moreover, many of the prior art mechanisms for 
wafer transport will themselves generate substantial 
quantities of particulates. 

The current state of the art wafer loading mecha- 
nisms used in the semiconductor industry consist pri- 
marily of three basic types: belt driven wafer transport. 
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air track driven wafer transport, and arm driven wafer 
transport (using either vacuum coupling or nesting to 
hold the bottom or the edge of the wafer). However, all 
of these types of systems typically use face up wafer 
movement into and out of the carrier, vertical movement 
of the wafer carrier during the loading and unloading op- 
erations, wafer transfer under pressures ranging from 
atmospheric to low vacuum, and a requirement that wa- 
fers be unloaded in the reverse order of loading. The 
prior art methods accordingly have a number of impor- 
tant disadvantages, as follows: 

First, wafers which are transported face up are 
more likely to catch particles generated by particle gen- 
eration mechanisms inside the wafer carrier or inside 
the wafer loader unit. 

Second, vertical movement of the wafer carrier dur- 
ing the loading and unloading operation creates many 
particles, due to rattling of the wafers in the carrier. 
These particles can fall directly onto the active face of 
adjacent wafers resting face up in the carrier. 

Third, belt mechanisms will typically scrub the bot- 
tom of the wafer during loading and unloading opera- 
tions, again creating many particulates due to abrasion. 

Fourth, air track transport will stir many particulates 
around by air currents, and many of these particulates 
can come to rest on the active face of the wafer. 

Fifth, the drive mechanisms of many loader mod- 
ules are housed within the same area as the open wafer 
carrier will be, in close proximity to the wafers being 
processed. This has great potential for gross amounts 
of contamination. 

Sixth, the mass of the carrier wafer combination 
changes as the wafers are loaded and unloaded, and 
this can affect the reliability and positioning of the wafer 
carrier vertical drive, particularly where large wafers 
(such as 150 millimeters or larger) are being handled. 

Seventh, two loading modules are typically used for 
each processing station, so that one cassette Is typically 
progressively loaded, and the wafers from this cassette 
which have been processed are loaded into a second 
cassette. 

Eighth, loss of equipment utilization efficiency oc- 
curs every time a new cassette of wafers is loaded into 
or out of each processing station, since the machine 
must be idled while the cassette is removed. 

EP-A-0 1 52 555 discloses an apparatus for convey- 
ing a semiconductor wafer. In this document the transfer 
takes place between two chambers of subatmospheric 
pressures, namely one for storing and one for process- 
ing the wafers. 

However, this document does not disclose a 
processing module chamber containing a plurality of 
wafer processing stations. 

US-A-4 487^678 discloses a dry-etching apparatus 
wherein multistation processing is performed. In this 
document all wafers at the different stations can only be 
submitted simultaneously to the same processing step. 

The present invention as defined in independent 
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claims 1 and 5, respectively, may provide advantageous 
solutions to all of the above problems, and achieves 
greatly improved low particulate wafer handling and 
loading operations. 

The wafers can be transported, loaded and unload- 
ed without ever seeing atmospheric or even low vacuum 
conditions. This is extremely useful because, at pres- 
sures of less than about 10 to the -5 Torr. (1 Torr = 
133,322 Pa), there will not be enough Brownian motion 
to support particulates of sizes larger than about 1 0 nm. 
and these particulates will fall out of this low-pressure 
atmosphere relatively rapidly. 

Figure 2 shows the time required for particles of dif- 
ferent sizes to fall one meter under atmospheric pres- 
sure. Note that, at a pressure of 10-5 Torr (1 Torr = 
133,322 Pa) (1E-5 Torr) or less, even 10 nm particles 
will fall one meter per second, and larger particles will 
fall faster. (Large particles will simply fall ballistically, at 
the acceleration of gravity.) Thus, an atmosphere with a 
pressure below 10*5 Torr (1 Torr = 133.322 Pa) means 
that particles ten nanometers or larger can only be trans- 
ported ballistically, and are not likely to be transported 
onto the critical wafer surface by random air currents or 
Brownian drift. 

The relevance of this curve to the present invention 
is that the present invention may provide a way to trans- 
port wafers from one processing station to another, in- 
cluding loading and unloading steps, without ever ex- 
posing them to higher pressures than 10-s Torr. This 
means that the wafers are NEVER exposed to airborne 
particulates, from the time they are loaded into the first 
vacuum processing station (which might well be a scrub- 
bing and pumpdown station) until the time when 
processing has been completed, except where the 
processing step itself requires higher pressures (e.g. In 
conventional photolithography stations or for wet 
processing steps). This means that the total possibilities 
for particulate collection on the wafers are vastly re- 
duced. 

A key element of this advantage is that an embod- 
iment of the present invention provides a method and 
apparatus for loading and unloading a vacuum carrier 
under hard vacuum. 

An embodiment of the present invention provides a 
load lock which includes an apparatus for opening a vac- 
uum wafer carrier under vacuum, for removing wafers 
from the carrier in whatever random-access order is de- 
sired, and for passing the wafers one by one through a 
port Into an adjacent processing chamber, such as a 
plasma etch chamber Moreover, the load lock of the 
present invention Is able to close and reseal the wafer 
carrier, so that the load lock itself can be brought up to 
atmospheric pressure and the wafer carrier removed, 
without ever breaking the vacuum in the wafer carrier 

A particular advantage of the preferred embodi- 
ments of the present invention Is that the mechanical 
apparatus preferably used for wafer transfer is extreme- 
ly compact. That is. by providing a transfer arm pivoted 



on an arm support, with gearing or a chain drive inside 
the arm support so that the rotation of the amn support 
causes twice as much rotation of the transfer arm with 
respect to the arm support, a compact apparatus is pro- 
5 vided which can rest in the home position and require 
no more clearance than the length of the arm support in 
one direction, but can be extended, by a simple rotary 
shaft motion, out to the length of the arm support plus 
the length of the transfer ami in either of two directions. 
^0 A further advantage of the preferred embodiments 
of the present invention is that the motors used to extend 
the transfer arm and to change its elevation are both 
held inside an exhaust manifold, so that particles gen- 
erated by these moving mechanical elements do not 
IS tend to reach the interior of the load lock chamber where 
wafers are exposed. 

A further advantage of the invention is that a trans- 
fer arm is provided which can handle wafers face down 
that is with minimal damage to device areas caused by 
20 contact with the transfer arm. 

A further advantage of the present invention is that 
the present invention provides a wafer transfer appara- 
tus which can handle wafers with minimum generation 
of particulates caused by the handling operation. 
25 A further advantage of an embodiment of the 
present invention is that It provides a transfer apparatus 
which can handle wafers with essentially no generation 
of particulates due to abrasion, since essentially no slid- 
ing contacts are made. 
30 Another advantage of the wafer transport mecha- 
nism of an embodiment of the present invention is that 
control Is simplified. That is, the transfer arm preferably 
used has only two degrees of f reedorn. and position reg- 
istration Is provided so that the transfer arm control can 
35 be provided very simply (by use of stepper motors or 
comparable apparatus), without the need for sensors to 
detect the position of or forces on the arm. 

A related advantage of the wafer transport mecha- 
nism of an embodiment of the present invention Is that 
"fo, it is a stable mechanical system. That is, small errors in 
positioning do not accumulate, but are damped out by 
Inherent negative feedback provided by some of the me- 
chanical elements used. This also facilitates the advan- 
tage of simple control. 
4S A further advantage of an • embodiment of the 
present Invention is that the wafer handling equipment 
used in the load lock takes up minimum volume. Since 
the load lock is of such small volume, vacuum cycling 
can be performed rapidly without requiring very expen- 
se sive large vacuum pumps. 

An even more important consequence of the vol- 
ume efficiency of wafer transport according to an em- 
bodiment of the present invention Is that the upper por- 
tion of the load lock (wherein the defect-sensitive sur- 
55 faces of wafers being transferred will be exposed) will 
therefore have a small surface area. It Is desirable to 
have as little surface area as possible within line-of-sight 
of the wafer surface, and it is also desirable to have as 
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little surface area as possible in close proximity to the 
wafer surface, wfiether it is within line-of-sight or not. All 
surface area in the upper part of the load lock (i.e. the 
part above the exhaust manifold) presents two hazards: 
first, all surface area will desorb gasses. so that the more s 
surface area is In the upper chamber the more difficult 
it will be to pull a hard vacuum. Second and more im- 
portant, all surface area has the potential to hold adher- 
ent particulates, which can later be expelled by mechan- 
ical vibration or shock to fly ballistlcally onto the wafer w 
surface, even under high vacuum. Thus, the volumetric 
efficiency of the load lock according to the present In- 
vention means that the potential for ballistic transport of 
particulates onto the wafer surface is reduced. 

Another advantage resulting from the compactness is 
of the wafer handling equipment in a load lock according 
to an embodiment of the present invention is that clean 
room floor space (which is very expensive) is not exces- 
sively consumed by such an apparatus. 

Another advantage of the wafer carrier described in 20 
the present patent application is that this wafer carrier 
cannot inadvertently be opened outside a clean room. 
A substantial yield problem in conventional clean room 
processing Is inadvertent or careless exposure of wa- 
fers to particulates by opening the wafer carrier outside 25 
the clean room environment. However, with the wafer 
carrier of the present invention this is inherently Impos- 
sible, since the pressure differential on the door of the 
carrier holds it firmly shut except when the carrier Is in 
vacuum. This is another reason why an embodiment of 3o 
the present invention is advantageous in permitting 
easy transport and storage of wafers outside a clean 
room environment. 

The present invention preferably uses a novel vac- 
uum-tight wafer carrier, wherein particulate generation 35 
during transport Is reduced in several ways. First, the 
door of the vacuum carrier contains elastic elements to 
press the wafers lightly against the back of the carrier 
box. Thus, when the door of the box is closed, the wafers 
are restrained from rattling around, which reduces the 40 
internal generation of particulates. Second, the wafers 
are supported at each side by a slightly sloping shelf, so 
that minimal contact (line contact) is made between the 
wafer surface and the surface of the shelf. This reduces 
generation of particulates by abrasion of the surface of 4S 
the wafer. 

The present invention not only reduces generation 
of particulates In the carrier during transport and stor- 
age, but also advantageously reduces transport of par- 
ticulates to the wafer face during transport and storage, so 
by carrying the wafers face down, under a high vacuum.' 
The prior art is not know to address this problem at all. 

In a further class of embodiments of the present in- 
vention, a process module (which contains more than 
one process station) has more than one load lock ac- ss 
cording to the present invention attached to it. Thus, 
processing can continue on wafers transferred in frorn 
one load lock while the other load lock is being reloaded. 



Moreover, the provision of two transfer mechanisms 
means that, if a mechanical problem occurs with one 
transfer apparatus inside its load lock, the processing 
station can continue in production, using transfer 
through the other load lock, while a technician is sum- 
moned to correct the mechanical malfunction. Thus, this 
class of embodiments has the advantage of greater 
throughput. 

In a further class of embodiments of the present in- 
vention, a process module which contains more than 
one sealable process station incorporates a load lock 
as described, together with wafer handling equipment 
inside the process module to transfer wafers received 
from the load lock wafer handling equipment to any se- 
lected one of the process stations. This has the advan- 
tage that high lot throughput can be achieved while us- 
ing single-slice processing techniques and low-particu- 
late high-vacuum handling. 

The foregoing arrangement can be used with a 
great variety of processing modules. However, one par- 
ticular embodiment, which not only exemplifies gener- 
ally applicable features of such modules (and the ad- 
vantages derived therefrom) but also contains numer- 
ous specific innovative plasma reactor features (which 
are also applicable to reactors using more conventional 
wafer transport, but are particularly advantageous for 
use with this load lock and wafer transfer arrangement) 
will be discussed in detail. This sample embodiment is 
a plasma etching station. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will be described with refer- 
ence to the accompanying drawings, wherein: 

Figure 1 shows a sample embodiment of a vacuum 
load lock according to the present invention, with a 
wafer carrier according to the present invention 
shown therein in the process of loading and unload- 
ing: 

Figure 2 shows a graph of the time required to fall 
through air at various pressures for various partic- 
ulate sizes: 

Figure 3 shows a sample wafer transfer structure, 
in a processing station, wherein the wafer is placed 
onto three pins by the transfer arm 28 reaching 
through the port 30 from the adjacent load lock 12: 
Figure 4 shows a closer view of a sample embodi- 
ment of the wafer carrier 10, docked onto the plat- 
form 18 inside the load lock 12 to provide mechan- 
ical registration of the position of the wafers: 
Figure 5 shows a plan view of a sample processing 
module, containing four process stations and two 
wafer transfer stages, and a load lock adjacent to 
each of the wafer transfer stages: 
Figure 6 shows a sample configuration for a 
processing module, which can be used as one of 
the processing modules inside the processing sta- 
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tion shown in Figure 5: 

Figure 7 shows the plasma reactor of figure 6 in the 
closed position, as It would be during the actual etch 
process: and 

Figure 8 shows a plan view of the reactor of Figure 
6. 

DESCRIPTION OF THE PREFERRED 
EMBODIIVIENTS 

The present invention provides major new concepts 
in semiconductor processing apparatus. The presently 
preferred embodiments will now be discussed in great 
detail, but it must be appreciated that the novel concepts 
which are included in these embodiments could also be 
used in many other embodiments, and the scope of the 
invention is not delimited by the particular examples 
shown. 

Figure 1 shows a sample embodiment of the inven- 
tion. This embodiment shows a wafer carrier 10 inside 
a vacuum load lock chamber 1 2. The wafer carrier 1 0 is 
also shown, in slightly greater detail, in Figure 4. 

The carrier 10 is shown with its door 14 standing 
open. The door 14 preferably has a vacuum seal 13 
where it mates with the body of the carrier 10, so that 
the wafer carrier can be carried around under atmos- 
pheric pressure for at least several days (preferably at 
least several tens of days) without enough leakage to 
raise the internal pressure above 10tothe-5Torr(1 Torr 
= 133.322 Pa). 

The wafer carrier 10 is adapted to dock with a plat- 
form 18 (which is only partially visible in Figure 1 , but is 
shown in more detail in Figure 4), so that, when a tech- 
nician places a wafer carrier 10 inside the load lock 12, 
the position of the carrier 10 will be accurately known. 
In the presently preferred embodiment, the wafer carrier 
10 has ears 16 which engage vertical slots 17 fixed to 
the position registration platform 18, so that the techni- 
cian can slide the carrier into these slots until it rests on 
the platform 18, and thereby assure that the position of 
the carrier 10 is definitely known. In the presently pre- 
ferred embodiment, the platform 18 includes two ta- 
pered pins 21 (one conical and one wedge-shaped) po- 
sitioned to engage tapered holes 23 in the underside of 
the wafer carrier 10. but a wide variety of other arrange- 
ments could be used to assure mechanical registration, 
as will be obvious to any ordinarily skilled mechanical 
engineer. 

The carrier 10 preferably has a safety catch 15 on 
it which secures the door 1 4 from falling open. However, 
under normal conditions of transport this safety catch is 
not needed, since atmospheric pressure holds the door 
1 4 shut against the internal vacuum of the carrier. When 
the carrier 10 is placed Inside the load lock 12, a fixed 
finger 1 9 will push against the safety catch 1 5 to release 
it, so that the door 14 can be opened. 

When the carrier 10 is docked with the platform 18, 
the door 1 4 will also be engaged with the door opening 



shaft 24. Preferably the door 14 has a shallow groove 
in its underside, which mates with a finger and arm 25 
on the top of the door opening shaft 24. Thus, after the 
load lock has been pumped down so that differential 
s pressure no longer holds the door 14 closed, the door 
can be opened by door opening shaft 24. 

After the technician has placed the wafer carrier 10 
in the vacuum load lock 12 and closed the load lock lid 
20, a high pressure purge (with dry nitrogen or other 
10 clean gas) is preferably applied through manifold 22 in- 
side load lock lid 20. This high pressure purge provides 
vertical flow, to tend to transport particles downward, 
and also helps to blow off some of the large particles 
which will have collected on the wafer carrier 10 during 
'5 its exposure to atmospheric conditions. After this Initial 
purge stage (e.g. for 30 seconds or more), the chamber 
is then slowly pumped down to 1 0 to the -4 Torr (1 Torr 
= 1 33.322 Pa) or less. This pump down stage is prefer- 
ably relatively slow, in order not to stir up random par- 
20 ticulates. That is, while low pressures do permit particles 
to fall from the air. those particles will still be available 
on the bottom of the chamber, and must not be stirred 
up if this can be avoided. 

In order to make sure that the airborne particulates 
25 have actually fallen out of the chamber air. the interior 
of the vacuum load lock will then preferably be allowed 
to stay at 1 0 to the -4 or 1 0 to the -5 Torr (1 Torr = 1 33,322 
Pa) for a few seconds, to make sure that all of the par- 
ticles which are able to fall out of the air will do so. 
30 It may also be advantageous, as an optional modi- 
fied embodiment of the invention, to use a sloped bottom 
and/or polished sidewalls for the load lock, to reduce the 
population of particulates sticking to the sidewalls and 
bottom which can be sent flying by mechanical vibration. 
55 The present invention greatly reduces the problems of 
airborne particulates, which has always been the dom- 
inant type of particulate transport, so that the problem 
of ballistically transported particulates can now be use- 
fully addressed. A related optional modification is the 
40 use of an insitu vacuum particle counter in the upper 
chamber, so that any increase in particle population in 
the critical volume can be detected. Such an in-situ par- 
ticle counter can be built using a resonant circuit to 
measure charge transfer in a high-voltage vacuum-gap 
45 capacitor, or (for particles sufficiently large) by using a 
laser-driven optical cavity with a multiply-folded optical 
path, or by other means. 

Optionally, this particulate sensor (or a second par- 
ticulate sensor which is better adapted to sensing par- 
50 ticulates at higher pressures) can be used to control the 
nitrogen shower prior to initial pumpdown. That is. in- 
stead of doing the nitrogen shower simply for a fixed du- 
ration, it may be protracted if the particulate monitor 
shows that the box was in an unusually dirty environ- 
55 ment. It may even be desirable to pump the load lock 
down to a soft vacuum (using the roughing pump) and 
then bleed gas through the nitrogen shower ports, to 
create a downward flow. It may also be desirable tocycle 
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the load lock from a soft vacuum (e.g. 100 milliTorr (1 
Torr = 133,322 Pa) or so) up to atmospheric again, by 
initiating another nitrogen shower cycle, if the particulate 
monitor indicates that that particulate level is still exces- 
sive at the time the load lock has reached a given soft s 
vacuum pressure. 

Note that vacuum gauges 62 are preferably con- 
nected to the interior of the load lock chamber. Prefera- 
bly the sensors 62 include a high-pressure gauge (such 
as a thermocouple), a low pressure gauge (such as an io 
ionization gauge), and a differential sensor which accu- 
rately senses when the load lock interior pressure has 
been equalized with the atmosphere. Thus, the door of 
a carrier 10 is not opened until these gauges Indicate 
that a good vacuum has been achieved inside the load is 
lock. 

After a roughing pump (not shown) has brought the 
chamber down to a soft vacuum, the gate valve 39 can 
be opened to connect the turbomolecular pump 38 to 
the interior of the load lock, and the turbomolecular so 
pump 38 can then be operated to bring the pressure 
down to 10 to the -5 Torr (1 Torr= 133,322 Pa) or less. 

At this point, the pressures inside the wafer carrier 
1 0 and the vacuum load tock 1 2 are more or less equal- 
ized, and the door 1 4 can be activated by operating mo- 
tor 26, which is connected to door opening shaft 24 
through vacuum feedthrough 25. 

Preferably two sensor switches are also included 
inside vacuum load lock 12, to ascertain when door 14 
is in Its fully opened position, and when door 14 is fully 
shut. Thus, after the load lock 12 has been pumped 
down and allowed to sit for a few seconds, door opening 
shaft 24 is rotated to open the door 14, until the sensor 
detects that the door is fully open. During this time, the 
transfer arm 28 is preferably kept in its home position at 
an elevation below the bottom of the door, so that the 
door 14 has clearance to open. After the sensor detects 
that the door 1 4 is fully open, the transfer arrti can begin 
to operate. 

The transfer arm 28 preferably has two degrees of 
freedom. One direction of motion permits the transfer 
arm 28 to reach into carrier 10 or through port 30 into 
the adjacent processing chamber. The other degree of 
freedom corresponds to vertical motion of the transfer 
arm 28, which permits selection of which wafer inside 
the carrier 10 is to be removed, or which slot a wafer is 
to be placed into. 

In the presently preferred embodiment, an elevator 
drive motor 32 is used to control the elevation of the 
transfer arm 28, and arm drive motor 34 controls the ex- 
tension and retraction of the transfer arm 28. Note that 
both of these motors, in the presently preferred embod- 
iment, do not require vacuum feedthrough. but are 
housed inside the exhaust manifold 36 which leads from 
the load lock 1 2 to the vacuum pump 38. which may be. 
for example, a turbomolecular pump. Moreover, the ex- 
haust manifold 36 does not open directly into the load 
lock chamber 12. but instead has apertures 40 around 



its top. That is, the exhaust manifold 36 is preferably 
configured so that there is not any line of sight path from 
the drive motors 32 or 34 or from the pump 38 Into the 
load lock chamber This helps to reduce ballistic trans- 
port of particulates from these moving elements into the 
load lock chamber. 

The elevator drive motor 32 is preferably connected 
to drive a sub-platform 42 up and down, and the arm 
drive motor 34 is preferably mounted on this platform 42. 

In the presently preferred embodiment, a linkage is 
used inside the rotatable transfer arm support 44, to per- 
mit the transfer arm 28 to move very compactly. The 
transfer arm support 44 is preferably connected to a ro- 
tating rod which is driven by the arm drive motor 34, but 
the arm support 44 is preferably mounted on a tubular 
support 46 which does not rotate. An internal chain and 
sprocket linkage is preferably used so that the joint be- 
tween arm support 44 and transfer arm 28 moves with 
twice the angular velocity of the joint between arm sup- 
port 44 and tubular support 46. (Of course, many other 
mechanical linkages could alternatively be used to ac- 
complish this.) This means that, when the arm support 
44 is in its home position, a supported wafer 48 will be 
approximately above the tubular support 46, but when 
the arm support 44 is rotated 90 degrees with respect 
to the tubular support 46, the transfer arm 28 will have 
been rotated 180 degrees with respect to the arm sup- 
port 44, so the transfer arm can either extend straight 
into the wafer carrier 1 0 or else straight through the port 
30 into the adjacent processing chamber. This linkage 
is described in greater detail in U.S. patent application 
number 664,448,- filed 1 0/24/84 

The transfer arm 28 preferably Is a thin piece of 
spring steel, e.g. 0.030 inch (1 inch = 0,0254 m) thick. 
The transfer arm has 3 pins 50 on it to support the wafer. 
Each pin 50 preferably includes a small cone 52 on a 
small shoulder 54. The cone 52 and shoulder 54 are 
preferably made of a material which Is soft enough to 
not scratch silicon. In the presently preferred embodi- 
ment, these portions (which are the only portions of 
transfer arm 28 which will actually touch the wafers be- 
ing transported) are preferably made of a high-temper- 
ature plastic (i.e. a plastic with a relatively low propensity 
to outgas under vacuum) such as Ardel (a thermoplastic 
phenyl acrylate, made by Union Carbide) or Delrin. Note 
that the use of cones 52 at the center of the locating pins 
50 permits very slight misalignments of the wafer to the 
transfer arm 28 to be corrected: in other words the sys- 
tem of wafer transport according to the present invention 
is a stable mechanical system, wherein small misalign- 
ments during successive operations will not accumu- 
late, but will be damped out. 

Note that, in the positioning of the wafer 48 as 
shown, one of the three pins 50 rests against the flat 
portion 56 of the wafer's circumference. This means 
that. In this embodiment, the three pins 50 on the trans- 
fer arm 28 do not define a circle of the same diameter 
as the diameter of the wafers 48 to be handled. 
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To assure that the wafer flats 56 do not interfere with 
accurate handling of the wafers, the box 10 preferably 
has a flat surface on Its interior back side which the flats 
56 of the wafers 48 will rest against. A spring compres- 
sion element on the inside surface of the door 1 4 pushes 
each wafer against this flat surface when the door 14 is 
closed, so that the wafers do not rattle around in transit. 
This also assures that, when the door 1 4 is opened, the 
location of the flat 56 on each wafer 46 is accurately 
known. 

Thus, after the box 10 is in the chamber 12 with its 
door 1 4 open, elevator drive motor 32 is operated to 
bring the transfer arm 28 to just below the height of the 
first wafer which it is desired to remove, and arm drive 
motor 34 Is then operated to extend the transfer arm 28 
into the interior of the box 10. By operating the elevator 
drive motor 32 briefly the transfer arm 28 is then raised, 
in this position, until the three pins 50 around its circum- 
ference lift the desired wafer off of the ledges 60 on 
which it has been resting inside the carrier box 10. 

Note that the ledges 60 preferably have tapered 
surfaces rather than flat surfaces, so that contact be- 
tween the ledges 60 and the wafer 48 resting on them 
is a line contact rather than an area contact, and is lim- 
ited to the edge of the wafer. That is, in prior art wafer 
carriers area contact may be made over a substantial 
area, of many square millimeters, but the "line contact" 
used in the present invention makes contact only over 
a much smaller area, typically of a few square millime- 
ters or less. An alternative definition of the "line contact" 
used in this embodiment of the invention is that the wafer 
support contacts the surface of the wafer only at points 
which are less than orie millimeter from its edge. 

Thus, by raising the transfer arm 28, the desired wa- 
fer 48 will be picked up, and will be resting on the cones 
52 or shoulders 54 of the three pins 50 on the transfer 
arm 28. 

In the presently preferred embodiment, the ledges 
60 have a center-to-center spacing of .187 inches (1 
Inch = 0,0254 m) Inside the box. TTiis center spacing, 
less the thickness of the wafers, must allow clearance 
enough for the height of the transfer arm 28 plus the pins 
50, but need not be much more. For example, in the 
presently preferred embodiment, the transfer arm Is 
about 0.080 inch (1 inch = 0,0254 m) thick, including the 
height of the cones 52 on the transfer pins 50. The wa- 
fers themselves will be about 0.021 inch(1 inch = 0,0254 
m) thick (for the presently preferred embodiment where- 
in 4 Inch wafers are used) so that about 0.085 Inch (1 
inch = 0,0254m) clearance is available. Of course, larg- 
er diameter wafers will have greater thicknesses, but the 
present invention is eminently suited to such larger di- 
ameter wafers, since the size of the box 10 and the cent- 
er spacing of the ledges 1 6 inside the box 1 0 can simpfy 
be scaled appropriately. 

Thus, after the transfer arm 28 has picked up a de- 
sired wafer 48, the arm drive motor 34 is operated to 
bring the transfer arm 28 to the home position. 



The elevator drive motor 32 is then operated to 
bring the transfer arm 28 to a height where it can reach 
through the port 30. 

Port 30 is preferably covered by an isolation gate 
5 31 unlike the gate 31 shown in Figure 3: the gate 31 
preferably seals the port 30 without making sliding con- 
tact. (Again, the absence of sliding contact is advanta- 
geous to reduce internally generated particulates.) 
In the present embodiment, the isolation gate 31 
10 over port 30 is preferably operated by an air cylinder, 
but a stepper motor may be used instead. Thus, a total 
of four motors are used: two which use vacuum 
feedthroughs, and two which are preferably contained 
inside the exhaust manifold 36. 

'5 The arm drive motor is now operated again, to ex- 
tend the transfer arm 28 through port 30 into the adja- 
cent processing chamber. 

The adjacent processing chamber may be any one 
of many different kinds of processing stations. For ex- 

20 ample, this station may be an implanter, a plasma etch, 
or a deposition station. 

In the presently preferred embodiment, the transfer 
arm reaching through the port 30 will place the wafer 48 
on three pins 50, as shown in Figure 3, like those used 

25 in the transfer arm itself. (Note that the port 30 preferably 
has enough vertical height to permit some vertical travel 
while the arm 28 is extended through port 30, so that 
arm 28 can move vertically to lift a wafer from or deposit 
a wafer onto pins 50 inside the processing chamber.) 

30 Alternatively, the processing chamber may include 
a fixture having spaced sloped ledges like the ledges 1 6 
inside the transfer box, or may have other mechanical 
arrangements to receive the wafer. However, in any 
case, the arrangement used to receive the transferred 

35 wafer must have clearance on the underside of the wa- 
fer (at least at the time of transfer), so that the transfer 
arm 28 can reach in on the underside of the wafer to 
emplace or remove it. If pins 50 are used to receive the 
transferred wafer, it may be desirable to provide a bel- 

40 lows motion or a vacuum f eedthrough in order to provide 
vertical motion of the wafer support pins inside the 
processing chamber Thus, for example, where the 
processing chamber is a plasma etch or RIE (reactive 
ion etch) station, a f eedthrough nnay be provided to po- 

45 sition the wafer 48 onto a susceptor after the transfer 
arm 28 has been withdrawn out of the way of the wafer 
Of course, the processing chamber may be an en- 
gineering inspection station. A vacuum-Isolated micro- 
scope objective lens will permit inspection of wafers in 

so vacuum and (using an appropriately folded optical path) 
in a face-down position. This means that heavy use of 
engineer inspection can be made where appropriate, 
without the loss of engineer time and clean-room quality 
which can be caused by heavy traffic through a clean- 

55 room. 

In any case, the transfer arm 28 is preferably with- 
drawn, and the isolation gate over port 30 closed, while 
processing proceeds. After processing is finished, the 



7 



13 



EP 0 555 891 B1 



14 



isolation gate over port 30 is opened again, the arm 28 
is extended again, the elevator drive motor 32 is oper- 
ated briefly so that the arm 28 picks up the wafer 48, 
and the arm drive motor 34 is again operated to bring 
the transfer arm 28 back Into the home position. The s 
elevator drive motor 32 is then operated to bring the 
transfer arm 28 to the correct height to align the wafer 
48 with the desired slot inside the wafer carrier. The arm 
drive motor 34 is then operated to extend the transfer 
arm 28 into the wafer carrier 10, so that the wafer 48 io 
which has just been processed is sitting above its pair 
of ledges 60. The elevator drive motor 32 is then briefly 
operated to lower the transfer arm 28, so that the wafer 
is resting on its own ledges 60, and the arm drive motor 
34 is then operated to retract the transfer arm 28 to is 
home position. The sequence of steps described above 
Is then repeated, and the transfer arm 28 selects anoth- 
er wafer for processing. 

Note that, with the mechanical linkage of the trans- 
fer arm 28 and arm support 44 described above, the wa- 20 
fers being transferred will move in exactly a straight line 
if the center to center lengths of transfer arm 28 and arm 
support 34 are equal. This is advantageous because it 
means that the side of the wafer being transferred will 
not bump or scrape against the sides of the box 1 0 when 25 
the wafer is being pulled out of or pushed Into the box. 
That is, the clearances of the wafer carrier box can be 
relatively small (which helps to reduce particulate gen- 
eration by rattling of the wafers during transport in the 
carrier) without risking particulate generation due to 30 
abrasion of the wafers against the metal box sides. 

Processing continues in this fashion, wafer by wa- 
fer, until all the wafers inside the carrier 10 (or at least 
as many of them as desired) have been processed. At 
that point the transfer arm 28 Is returned empty to its 55 
home position and lowered below the tower edge of the 
door 14, and the isolation gate over port 30 is closed. 
The door opening shaft 24 is now rotated to close door 
14, and provide initial contact for the vacuum seals be- 
tween door 1 4 and the flat front surface of carrier 1 0, so 40 
that the carrier Is ready to be sealed (by pressure differ- 
ential) as the pressure inside the load lock is Increased. 
The load lock 12 can now be pressurized again. When 
the differential sensor of the vacuum gauge 62 deter- 
mines that the pressure has come up to atmospheric, 45 
the load lock lid 20 can be opened and the wafer carrier 
1 0 (which is now sealed by differential pressure) can be 
manually removed. In the preferred embodiment, a fold- 
ing handle 11 Is provided on the top side of the carrier, 
to assist in this manual removal without substantially in- so 
creasing the volume required for the carrier inside the 
load lock. 

After the carrier has been removed, It can be carried 
around or stored as desired. The seals 13 will maintain 
a high vacuum In the carrier meanwhile, so that partic- ss 
ulate transport to the wafer surfaces (and also adsorp- 
tion of vapor-phase contaminants) is minimized. 

Note that the wafer carrier also includes elastic el- 



ements 27 mounted in its door. These elastic elements 
exert light pressure against the wafers 48 when the door 
14 is closed, and thus restrain them from rattling around 
and generating particulates. The elastic element 27 is 
configured as a set of springs in the embodiment shown, 
but other mechanical structures (e.g. a protruding bead 
of an elastic polymer) could alternatively be used to con- 
figure this. Where the wafers used have flats, a flat con- 
tact surface 29 Is preferably provided on the inner back 
surface of the wafer carrier box 10 for the slice flats to 
be pressed against. 

Note also that the ledges 60 on the sidewalls of the 
carrier box 1 0 are tapered. This helps to assure that con- 
tact with the supported surface of the wafer is made over 
a line only, rather than over any substantial area. This 
reduces wafer damage and particulate generation dur- 
ing transport. This also assists in damping out the ac- 
cumulation of positioning errors, as discussed. 

The load lock lid 20 preferably has a window In it, 
to permit operator inspection of any possible mechani- 
cal jams. 

An advantage of the present Invention is that, in the 
case of many possible mechanical malfunctions, the 
door of the wafer carrier 10 can be closed before at- 
tempts are made to correct the problem. For example, 
if somehow the transfer arm 28 picks up a wafer so that 
the wafer is not sitting property on all three of the pins 
50, the door drive motor 26 can be operated to close the 
door. 14 before any attempts are made to correct the 
problem. Similarly, port 30 can be closed if the transfer 
arm 28 can be retracted into home position. It may be 
possible to correct some such mechanical misalignment 
problems simply by deviating from the normal control 
sequence. For example, the position of a wafer 48 on 
transfer arm 28 may in some cases be adjusted by par- 
tially extending the transfer arm 28. so that the edge of 
wafer 48 just touches the outside of door 14, or of the 
isolation gate over port 30. If this does not work, the load 
lock 1 2 can be brought back up to atmospheric pressure 
(with the door 1 4 of wafer carrier 1 0 closed) and the load 
lock lid 20 opened so that the problem can be manually 
corrected. 

Note that all of the operations described above cari 
be very easily controlled. That is, no servos or complex 
negative feed-back mechanisms are needed. All four of 
the motors described are simple stepper motors; so that 
multiple stations according to the present invention can 
be controlled by a single microcomputer. The mechan- 
ical stability of the system as a whole — i.e. the inherent 
correction of minor positioning errors provided by the ta- 
pered pins of the wafer supports, by the slope of the wa- 
fer support ledges in the wafer carrier, and by the flat on 
the backwall of the wafer carrier — helps to prevent ac- 
cumulation of minor errors, and facilitates easy control. 

This advantage of simple control is achieved In part 
because good control of mechanical registration" is 
achieved. As noted, the docking of the carrier 10 with 
platform 18 provides one element of mechanical regis- 
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tratlon, since the location of the platfomri 18 with respect 
to the transfer arm 28 can be accurately and permanent- 
ly calibrated. Similarly, the wafer carriers 10 do not need 
to be controlled on each dimension, but merely need to 
be controlled so that the location and orientation of the 
support shelves 60 are accurately known with respect 
to the bottom (or other portion) of the box which mates 
with support platform IB. As described above, this is 
preferably accomplished by having channels which the 
wafer carrier slides into until it rests on the platform 18, 
but many other mechanical arrangements could be 
used instead. 

Similarly, mechanical registration must be achieved 
between the home position of the transfer arm 28 and 
the support pins 50 (or other support configuration) 
which the wafer will be docked to inside the processing 
chamber. However, this mechanical registration should 
be a simple one-time setup calibration. 

Note that angular positioning will be preserved by 
the box itself: as was noted, whenever the door 1 4 is 
closed, spring elements inside It will press the wafers 
46 against the flat on the interior back surface of the box. 

Optionally, the wafer carrier 10 could be provided 
with a quick-connect vacuum fitting, to permit separate 
pumpdown on the carriers 10. However, in the presently 
preferred embodiment this is omitted, since it is not nec- 
essary and since it simply provides another source of 
possible unreliability. 

Note that the load lock mechanism described need 
not be used solely with vacuum-tight wafer carriers, al- 
though that is the most preferred embodiment. This load 
lock can also be used with wafer carriers which carry 
atmospheric pressure inside. Although this is not the 
most preferred embodiment, it still carries substantial 
advantages, as is discussed above, over prior art load 
lock operations. 

It should be noted that a wafer carrier as described 
can be made in different sizes, to carry any desired 
number of wafers. Moreover, a wafer carrier according 
to the present Invention can be used to carry or store 
any desired number of wafers, up to its maximum. This 
provides additional flexibility in scheduling and process 
equipment logistics. 

Figure 5 shows a sample further alternative embod- 
iment wherein two load locks, each containing a wafer 
carrier 10, are both connected to a process module 102 
which contains four process stations 104. When the 
transfer arm 28 reaches through the port 30 from a load 
lock 12 into the process module 102, it places its wafer 
onto one of two wafer stages 106. These wafer stages 
106, as discussed above, can be three pin supports or 
two ledge supports, or may have other mechanical con- 
figuratk>ns that would be obvious to those skilled in the 
art, as long as there is space underneath the supported 
wafer for the transfer arm 28 to lower free of the wafer 
and retract after it has placed the wafer on the supports. 
(It is preferable, however, that the wafer support used 
be such as to make line contact, rather than contact over 



any substantial area, to the under surface of the wafer.) 

Another transfer arm assembly 106 is provided in- 
side the process module. This transfer arm assembly is 
generally similar to the transfer arm assembly 28, 44 
5 and 46 used inside the load lock, but there are some 
differences. First, the transfer arm 28 used inside the 
load lock only needs to move wafers in a straight line. 
By contrast, the transfer arm assembly 106 must also 
be able to move radially, to select any one of the process 
10 modules 104. Thus, an additional degree of freedom is 
needed. Second, the reach of the transfer arm assembly 
106 need not be the same as the transfer arm assem- 
blies (28,44,46) used inside the load lock, and in fact the 
reach of transfer arm 106 is preferable larger, to permit 
IS adequate spacing of the process stations 1 04. Third, the 
arm assembly 106 does not need as much travel in el- 
evation as the transfer arms 28 used in the load locks. 
Fourth, in the configuration shown, the transfer arm 128 
will not have one of its three pins 50 resting on a wafer 
flat, so that the diameter of the circle defined by pins 50 
is not the same for arms 28 and 128, even though they 
are handling wafers of the same diameter. 

The transfer arm assembly 1 06 is preferably essen- 
tially the same as the transfer arm assembly (28,44,46) 
used in the load lock, with these differences. By making 
the tubular support 46 rotatable and providing a third 
motor to drive this rotation, a third degree of freedom for 
the transfer arm is provided. Similarly, the dimensions 
of the transfer arm can simply be scaled as desired. 
Thus transfer arm assembly 106 preferably Includes a 
transfer arm 128 rotatably mounted on a transfer arm 
support 144. The transfer arm support 144 is pivotably 
mounted to a tubular support 146 (not shown), and an 
internal shaft, fixed to the transfer arm support 144, ex- 
tends down through the tubular support 1 46. An internal 
chain drive with two to one gearing translates any dif- 
ferential rotation between tubular support 1 46 and arm 
support 144 into a further differential rotation (over twice 
as many degrees) between arm support 144 and trans- 
fer arm 128. An arm drive motor, mounted below the 
transport assembly 106, is connected to rotate the shaft 
which is fixed to arm support 1 44. An arm rotation motor 
is connected to rotate the tubular support 146. Finally, 
an elevator mechanism provides vertical motion of the 
transfer arm assembly 106. 

Note that the vertical motion required of assembly 
1 06 is not typically as much as that required of the trans- 
fer arms 28 In the load locks 12. since the transfer arm 
128 will typically not need to select one of several ver- 
tically separated wafer positions like those in the wafer 
carrier 10, but will typically merely be used to pick and 
place wafers from a number of possible wafer stations 
which are all on the same plane. Thus, optionally the 
vertical elevation of the transfer 128 could be controlled 
by an air cylinder rather than by an elevator motor as- 
sembly as discussed above. 

Thus, by rotating tubular support 1 46 simultaneous- 
ly with the arm support 144, the transfer arm assembly 
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106 can be rotated without being extended. After the 
arm assembly 106 has been rotated to the desired po- 
sition, the tubular support 146 can be held fixed while 
the arm support 144 is rotated, and this will cause the 
transfer arm 128 to extend as described above. 

Thus, after transfer ami 28 from one of the load 
locks 12 has placed a wafer to be processed on one of 
the wafer stages 106. the transfer arm assembly 106 is 
rotated (if necessary), extended at a low position so that 
transfer arm 128 comes underneath the wafer, elevated 
so that transfer arm 1 28 picks up the wafer, and retract- 
ed to Its home position. The assembly 106 is then rotat- 
ed again, and the transfer arm 128 is extended, so that 
the wafer is now located above a wafer support in one 
of the process stations 104, or above the other wafer 
stage 1 06. By lowering the ami assembly 1 06. the wafer 
can now be placed on the wafer support or wafer trans- 
fer stage, and the arm 128 can now be retracted. 

The process station 104 can now be sealed off from 
the main process module 102, and separate single-wa- 
fer processing of the wafer can begin. Meanwhile, the 
transfer arms 1 28 and 28 can perform other operations. 
When a wafer in a module 104 has completed process- 
ing, that process station 104 can then be pumped down 
to the same low pressure as the interior of process mod- 
ule 102, and process station 104 can be opened. The 
transfer arm assembly 106 can now be operated to re- 
move this wafer, and transfer it either to one of the wafer 
stages 106 or to another one of the process modules 
104. 

One advantage of the present invention Is that the 
process modules 104 can all be configured to do the 
same operation, which will permit wafer transport-limit- 
ed throughput (even for fairly slow processing opera- 
tions), if there is a sufficient number of process stations 
104 in the process module 102: or. alternatively, differ- 
ent operations can be used In different ones of the proc- 
ess stations 104. 

That is. the present invention permits the use of se- 
quential processing, which is increasingly recognized as 
desirable, since processing variations caused by ad- 
sorbed contaminants or by native oxide are eliminated. 
For example, two of the process stations 104 can be 
configured for oxide growth, one for nitride deposition, 
and one for poly deposition, to permit complete in-sitii 
fabrication of oxynitrlde poly-to-poly capacitors. Moreo- 
ver, the provision of different process steps in the differ- 
ent stations 104 means that many lot splits and process 
variations can be performed simply by programming the 
appropriate operations, without relying on technicians 
to correctly identify which wafers should go to which ma- 
chines. Thus, the capability to have different operations 
proceed in different ones of the process stations 104 
provides additional processing flexibility. 

Note also that the overall wafer transfer sequence 
IS completely arbitrary, and may be selected as desired. 
For example, the wafers from one wafer carrier 1 0 could 
be completely processed and returned to that wafer ear- 



ner 10, and the load lock 12 containing the just-proc- 
essed wafers coukJ be sealed off from process module 
102. so that the wafers in the other wafer carrier 10 in 
the other load lock 1 2 could be processed while a tech- 
s nician removed the carrier full of processed wafers from 
the other load lock 1 2. Alternatively, the programmability 
and random access of this arrangement could be used 
to shuffle and interchange wafers between the two car- 
riers 10 In whatever fashion desired. 
^0 It should also be noted that this arrangement is not 
at all limited to two load locks 12 nor to four process 
stations 104, but the arrangement described can be 
scaled to other numbers of process stations 104 in a 
module 1 02. or other numbers of load locks 12 attached 
IS to a module 1 02. or to use of more than one transfer arm 
assembly 106 inside a module, if desired. 

Note that this arrangement still preserves wafer ori- 
entation. Assuming that wafers are carried in carrier 10 
with their flats toward the back of carrier 10. they will be 
20 placed on wafer stage 106 with their flats toward the 
center of module 102. Transfer arm 106 will preserve 
this orientation, so that, when flats are replaced In either 
wafer carrier 1 0. they will have their flats toward the back 
of the box. 

25 Figure 6 shows a sample process station 104, 
which can be used in a structure such as shown in Fig- 
ure 5. 

Figure 6 shows a single slice reactor which can be 
used for reactive ion etching or for plasma etching. As 
30 discussed above, the transfer arm 128 places a wafer 
onto tapered Ardel pins 50, and then retracts. At this 
point the whole lower assembly, including the chamber 
11 2. . ground electrode 110. gas distributor 120. base 
plate 138, and top plate 114 are moved upward, using. 
3S e.g., an air cylinder or a vacuum feed through (not 
shown). A bellows 1 24 permits this vertical motion to oc- 
cur while maintaining a vacuum-tight interface to the in- 
terior of the module 1 02. This vertical motion causes the 
backside of the wafer resting on pins 50 to make contact 
"fo with the powered electrode 1 18. and at this point the slid- 
ing pin supports 1 30 which are attached to the underside 
of the tapered pins 50 retract slightly against a leaf 
spring 132. (Other elastic elements could be used in 
place of leaf spring 132. to assure a small amount of 
45 give in the pin supports 130. so that the wafer is not 
pressed against the powered electrode 118 with too 
much force.) 

The last portion of the upward travel of this assem- 
bly causes the seal 134 to make closure between the 
so quartz plate 1 1 4 at the top of the chamber 1 1 2 and the 
quartz plate 1 1 6 which surrounds the powered electrode 
118. Thus, when the seal Is made, the interior of this 
process chamber is vacuum-sealed from the interior of 
the process module 102. 
55 A helium bleed port 134 is provided to connect a 
helium supply to the back of the wafer This helium 
space means that the space between the low points of 
the powered electrode 118 and the wafer will be filled 
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with helium, rather than vacuum, and this assure a rea- 
sonably low-thenmal-resistance and highly repeatable 
thermal contact between the wafer and the powered 
electrode 118. Powered electrode 118 preferably in- 
cludes coolant manifold spaces 136, to which coolant 
can be supplied. 

In an alternative embodiment of the present inven- 
tion, the tapered pins 50 are not mounted on sliding pin 
supports 1 30 supported by elastic elements 1 32, but are 
fixed. Since the helium bleed 1 34 assures good thermal 
contact between the back side of the wafer and the sur- 
face of the powered electrode 118. a tolerance of sev- 
eral thousands of an inch will still permit good rf coupling 
of the electrode 118 to the wafer, and still permit good 
thermal contact between the electrode 118 and the wa- 
fer. A tolerance of this magnitude should provide enough 
allowance for thernnal expansions of chamber walls, var- 
iation in seal thickness, variation in wafer thickness, etc., 
to still permit reliable sealing of the lower chamber por- 
tion to the upper portion. Note that, in this embodiment, 
the quartz faces 114 and 116 would preferably be 
shaped slightly differently, to minimize the lateral spread 
of the plasma adjacent to the face of the wafer. However, 
the presently preferred embodiment does use sliding pin 
supports 130, since they permit the quartz piece 114 to 
confine the plasma closely near the face of the wafer 48 
as shown in Figure 7. 

Figure 7 shows the upper portion of the process sta- 
tion of Figure 6, in the closed position, with a wafer 48 
held therein for processing. After the reactor has been 
closed, the helium bleed can be started through port 
1 34. At the same time, desired process gasses can be 
provided through a process gas distributor 120. 

In the presently preferred embodiment, the process 
gas distributor 1 20 is made of quartz, so that It does not 
pick up eddy currents from the rf power present. More- 
over, since the surface of the quartz is highly insulating, 
the plasma boundary near the quartz will not have as 
much voltage nor as much current across it as the plas- 
ma boundary near a grounded conductive element 
would. This means that plasma-assisted reactions near 
the quartz will not occur at as high a rate as they would 
near a grounded conductive element, so that deposition 
is reduced. 

It should also be noted that quartz is a fairly good 
thernnal insulator, and the temperature of the susceptor 
may therefore be raised (by radiation from the plasma) 
to 100 or 200 degrees C. This Is advantageous, since 
raising the temperature of the distributor will further re- 
duce deposition on It. 

Under the preferred operating conditions (10 to 100 
microns of pressure, and 400 to 800 watts of applied 
power) the generated plasma will fill the chamber be- 
tween powered electrode 118 and ground electrode 110 
fairly uniformly. Thus, the gas distributor 120 protrudes 
Into the densest part of the plasma. The gas distributor 
1 20 is preferably a ring, of perhaps one-half the diame- 
ter of the wafer being processed, with hollow supports 



which lead down to gas connections 140 mounted in the 
base plate 138. 

Preferably, a quick-connect mounting is provided 
for the quartz distributor 120. so it can rapidly and easily 
5 be changed out as desired. 

The gas distributor 1 20 is. in the presently preferred 
embodiment, spaced away from the surface of the wafer 
by about four centimeters. This spacing, and the exact 
shape of the gas distributor 120, and the spacing of the 
10 ports 122 on the gas distributor, are none of them critical. 
These parameters can be changed If desired, but, if 
modified, they should be selected so that diffusion'of 
process gasses and process gas products from the 
ports 122 in the gas distributor 120 provides: 1) diffu- 
is sion-domlnated transport of the process gasses and 
process gas products to the plasma boundary at the 
face of the wafer 48: and 2) a fairly uniform concentra- 
tion of process gasses and process gas products at the 
plasma boundary next to the face of wafer 48. For ex- 
20 ample, thespacingof the distributor away from the wafer 
face could be anywhere in the range from one to fifteen 
cm. 

Under these low pressure conditions, and given the 
high area ratio between the area of electrode 1 1 8 in con- 
25 tact with the plasma (which, in this embodiment, is es- 
sentially the same as the area of wafer 48), and the 
grounded electrode area (which In this embodiment is 
essentially the area of ground electrode 110, plus the 
interior area of chamber walls 1 1 2 and the exposed up- 
30 per area of base plate 138). a high density of plasma 
bombardment will occur at the face of wafer 48. As Is 
well-known to those skilled in the art this ion bombard- 
ment assists in achieving desirable anisotropy effects 
during etching. 

3S The ground plane electrode 110 is preferably 
cooled, using coolant lines 150 connected to manifold 
cavities Inside the electrode 110. If additional cooling is 
needed, the walls 112 may also be cooled. 

Note that lines 1 50 are preferably flexible hoses, to 
40 accommodate the vertical travel of the whole lower etch - 
ing chamber (110, 112. 138. 120, 114) as described 
above. The gas supply tube 150, which supplies proc- 
ess gasses through connection 140 to the gas distribu- 
tor 120. is preferably also flexible for the same reason. 
-^5 If flexure of these hoses is found to generate excess par- 
ticulates, a gas feed outside the bellows 124. through 
the side of the base plate 138. could be used instead. 

Figure 8 shows a plan view of the reactor of Figure 
6, The shape of the gas distributor 120 can be seen 
so more clearly In this plan view. It can also be seen that 
the base plate 138 includes substantial spaces around 
the edge of the ground electrode 110, which provide a 
passage from the gas feed ports 1 22 to a vacuum pump 
below. 

55 . The overall gas flow In this reactor is downward, 
away from the face of the wafer, which assists In reduc- 
ing particulates. 

After the desired etching operation has finished, 



11 



21 



EP 0 555 891 B1 



22 



gas supply through gas distributor 1 20 is cut off. and the 
process station 104 is pumped down to the same pres- 
sure as the rest of the process module (10-5 jo^r (1 Torr 
= 133,322 Pa) or less). A holding time may then be in- 
terposed, for thermal stabilization of the process station 5 
or for release of possible suspended particulates, and 
then the process station 104 Is opened and the transfer 
arm assembly 1 06 operates as before to remove the wa- 
fer from it. 

Thus, the present invention provides all of the ad- io 
vantages listed above, and others besides. The present 
invention can be very widely modified and varied, and 
its scope is not limited except as specified in the claims. 



Claims 

1 . A method of processing wafers (48) having an ac- 
tive face comprising the steps of: 

transporting a plurality of wafers (48) with the 
active face down to or from a vacuum-sealable 
load lock (1 2) by means of a wafer carrier (1 0), 
which load lock (1 2) opens Into a vacuum-seal- 
able processing module chamber (102), con- 
taining a plurality of wafer processing stations 
(104). 

creating a vacuum within said module chamber 
(102) and said load lock (12), and transferring 
to and from said load lock (12) by means of a 
transfer arm (28) saki wafers (48) with the ac- 
tive face down, one at a time, through portions 
of said module chamber ( 1 02) to or from select- 
ed processing stations (1 04), 

wherein each wafer processing station (104) can be 
sealed off from the processing module chamber 
(102) thus allowing for single-wafer processing. 

2. The method of claim 1 , further comprising the steps 40 
of: 

processing said wafers (48) at said selected 
processing stations (104) while said wafers (48) are 
in an orientation with the active face down. 

45 

3. The method of claim 1 or 2, wherein said step of 
transporting said plurality of wafers (48). includes 
the step of maintaining said wafers (48) under vac- 
uum during transport. 

so 

4. The method of claim 1 . 2. or 3. further comprising 
the step of: 

maintaining said wafers (48) in a hard vacuum 
environment during all of said steps. 

55 

5. A module for processing wafers (48) having an ac- 
tive face comprising: 



a vacuum-tight processing module chamber 
(1 02) containing a plurality of wafer processing 
stations (104). wherein each of said wafer 
processing stations (104) can be sealed off 
from said processing module chamber (102), 
thus allowing for single-wafer processing; 
at least one load lock (12) opening into said 
module chamber (102). said at least one load 
lock (12) having space therein to hold a wafer 
carrier (1 0) for holding a plurality of wafers (48) 
with the active face down; 
a vacuum pump means connected to the mod- 
ule for creating a vacuum within said module 
chamber (102) and said at least one load lock 
(12); and 

a wafer transfer arm (28) for transferring of wa- 
fers (48) with the active face down to and from 
said plurality of processing stations (104) to 
and from said load lock (12). 

6. The module of claim 5, wherein said wafer carrier 
(10) is vacuum sealable for maintaining a vacuum 
within said carrier (10). 

7. The module of claim 5 or 6, wherein said wafer car- 
rier (1 0) includes means for holding said plurality of 
wafers spaced apart one from the other in a vertical 
column. 

8. The module of claim 7, wherein said wafer transfer 
arm (28) is elevatable vertically to access individual 
wafers in said vertical column of wafers in said wa- 
fer carrier. 



Patentanspruche 

1. Verfahren zur Verarbeitung von Wafern (48), die ei- 
ne aktive Seite aufweisen. bel dem 

mehrere Wafer (48) mit nach unten gerichteter 
aktiver Seite mittels eines Wafertragers (10) zu 
einer vakuumdicht abschlieBbaren Lade- 
schleuse (1 2) Oder von dieser weg transportiert 
werden, die sich in eine vakuumdicht ab- 
schlle8bare Verarbeitungsmodulkammer (102) 
offnet, die mehrere Wafewerarbeitungsstatio- 
nen (104) enthalt, 

ein Vakuum innerhalb der Modulkammer (102) 
undder Ladeschleuse (1 2) erzeugt wird unddie 
Wafer (48) mit nach unten gerichteter aktiver 
Seite mittels eines Transportarms (28) einzein 
zu der l-adeschleuse (12) und von dieser weg 
durch Telle der Modulkammer (102) zu ausge- 
wahlten Verarbeitungsstationen (104) und von 
diesen weg transportiert werden, 

wobel jede Waferverarbeitungsstation (1 04) gegen- 
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uber der Verarbeitungsmodulkammer (102) abge- 
schlossen werden kann, wodurch eine Einzelwafer- 
verarbeitung ermoglicht wird. 

Verfahren nach Anspruch 1. bei dem daruber hin- 
aus die Wafer (48) in den ausgewahlten Verarbei- 
tungsstationen (104) mit nach unten gerichteler ak- 
liver Seite verarbeitet warden. 

Verfahren nach Anspruch 1 oder 2. bei dem die 
mehreren Wafer (48) wahrend des Transports unter 
Vakuum gehalten werden. 

Verfahren nach Anspruch 1. 2 oder 3. bei dem dar- 
uber hinaus die Wafer (48) wahrend samtlicher 
Schrine in einer Umgebung mit starkem N^kuum 
gehalten werden. 
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5. Modul 2ur Verarbeitung von Wafern (48). die eine 
aktive Seite aufwelsen. mit 20 

elnervakuumdichten Verarbeitungsmodulkam- 
mer (1 02), die mehrere Waferverarbeitungssta- 
tionen (1 04) enthalt, von denen jede gegenOber 
der Verarbeitungsmodulkammer (102) abge- 2S 
schlossen werden kann, wodurch eine Einzel- 
waferverarbeitung ermoglicht wird; 
wenigstens einer Ladeschleuse (12). die sich 
in die Modulkammer (102) offnet und in ihrem 
Innern Raum aufweist. urn einen Wafertrager 30 
(10) 2um Halten mehrerer W^fer (48) mit nach 
unten gerlchteter aktiver Seite zu halten; 
einem mil dem Modul verbundenen Vakuum- 2. 
pumpenmittel, um innerhalb der Modulkammer 
(102) und der wenigstens einen Ladeschleuse 55 
(12) ein Vakuum zu erzeugen; und 
einem Wafertransportarm (28) zum Transpor- 
tieren von Wafern (48) mit nach unten gerlch- 
teter aktivor Seite zu den mehreren Verarbei- 
tungsstationen (104) und von diesen weg zu 40 3 
der Ladeschleuse (12) und von dieser weg. 

Modul nach Anspruch 5. bei dem der Wafertrager 
(10) vakuumdichtabschlieBbar ist. um ein V&kuum 
innerhalb des Tragers (10) aufrechtzuerhalten. 4s 

4 

Modul nach Anspruch 5 oder 6, bei dem der Wafer- 
trager (10) Mittel umfaRt. um die mehreren Wafer 
jeweils voneinander beabstandet in einer senkrecht 
stehenden Saule zu halten. so 

Modul nach Anspruch 7, bei dem der Wafertrans- 5 
portarm (28) In senkrechter Richtung anhebbar ist 
um auf einzelne Wafer in der senkrecht stehenden 
Wafersaule in dem Wafertrager zuzugreifen. ss 



1. Precede pour traiter des microplaquettes (48)ayant 
une face active, comprenant les Stapes consistant 

k : 

transporter une pluralite de microplaquettes 
(48) avec la face active tournee vers le bas, 
vers et en provenance d'un sas de chargement 
(12) pouvant dtre ferm^ de fa?on etanche au 
vide au moyen d'un support de microplaquettes 
(10), lequel sas de chargment (12) s'ouvre 
dans une chambre (102) k module de traite- 
ment pouvant etre fermee de fa^on 6tanche au 
vide, comprenant une plurality de postes (104) 
de traitement de microplaquettes, 
cr6er un vide dans ladite chambre a module 
(102) et ledit sas de chargement (12) et trans- 
ferer lesdites microplaquettes (48) vers ledit 
sas de chargement (12) et en provenance de 
ce sas au moyen d'un bras de transfert (28) 
avec leur face active tournee vers le bas, une 
^ la fois. k travers des portions de ladite cham- 
bre k module (102) vers des postes de traite- 
ment (104) selectionnes et en provenance de 
ces postes, 

dans lequel chaque poste (104) de traitement 
de microplaquettes peut etre isole de la cham- 
bre k module de traitement (1 02) en permettant 
ainsi le traitement des microplaquettes indivi- 
duelles. 

Procede selon la revendlcation 1 comprenant en 
outre I'dtape consistant k : 

traiter lesdites microplaquettes (48) audit pos- 
te de traitement (104) seIectionn6 pendant que les- 
dites microplaquettes (48) son! dans une orienta- 
tion avec la face active tournee vers le bas. 

Proc6d6 selon la revendlcation 1 ou 2, dans lequel 
ladite 6tape de transport de ladite plurality de mi- 
croplaquettes (48) comprend I'^tape consistant k 
maintenir lesdites microplaquettes (48) sous vide 
pendant le transport. 

Proc6d6 selon la revendlcation 1, 2 ou 3 compre- 
nant en outre I'dtape consistant k : 

maintenir lesdites microplaquettes (48) dans 
un environnement de vide poussd pendant toutes 

lesdites stapes. 

Module pour traiter des microplaquettes (48) ayant 
une face active, comprenant : 

une chambre k module de traitement (102) 
Blanche au vide, contenant une pluralit6 de 
postes (1 04) de traitement de microplaquettes ; 
dans lequel chacun desdits postes (104) de 
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traitement des microplaquettes peut etre isol6 
de ladite chambre h module de traitement 
(1 02). en permettant ainsi un traitement par mi- 
croplaquettes individuelles ; 
au moins un sas de chargement (12) qui de- s 
bouche dans ladite chambre k module (102), 
ledit au moins un sas de chargement (1 2) ayant 
un espace interieur pour conlenir un support de 
microplaquettes (10) destine k maintenir une. 
plurality de microplaquettes (48) avec leur face io 
active toumSe vers ie bas ; 
et des moyens formant pompe ^ vide relies au 
module pour creer un vide dans ladite chambre 
k module (102) et dans ledit au mons un sas 
de chargement (12) ; et is 
un bras (28) de transtert de microplaquettes 
destin6 k transferer des microplaquettes (48) 
avec la face active toumee vers Ie bas vers et 
en provenance de ladite pluralite de postes de 
traitement (104) vers et en provenance dudit so 
sas de chargement (12). 

6. Module selon la revendlcation 5, dans lequel ledit 
support de microplaquettes (1 0) peut etre ferm^ de 
fafon etanche au vide pour maintenir un vide dans 25 
ledit support (10). 

7. Module selon la revendication 5 ou 6. dans lequel 
ledit support de microplaquettes (1 0) comprend des 
moyens pour maintenir ladite pluralit6 de micropla- 30 
quettes espacees I'une de I'autre en une colonne 
verticale. 

8. Module selon la revendication 7, dans lequel ledit 
bras de transfert de microplaquettes (28) peut §tre 3S 
6lev6 verticalement pour acc6der k des micropla- 
quettes Individuelles Incluses dans ladite colonne 
verticale de microplaquettes a I'interieur du support 

de microplaquettes. 
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Fig. / 
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